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Introduction 


Carbohydrates are the main sources of energy for 


Summary 


The effects of six extruded diets with different starch sources (cassava 
flour, brewer's rice, corn, sorghum, peas or lentils) on dog total tract 
apparent digestibility and glycemic and insulinemic response were inves- 
tigated. The experiment was carried out on thirty-six dogs with six dogs 
per diet in a completely randomized design. The diets containing 
brewer’s rice and cassava flour presented the greatest digestibility of dry 
matter, organic matter and gross energy (p < 0.05), followed by corn 
and sorghum; pea and lentil diets had the lowest. Starch digestibility 
was greater than 98% in all diets and was greater for brewer’s rice and 
cassava flour than for lentils and peas diets (p < 0.05). Dogs’ immediate 
post-prandial glucose and insulin responses (AUC < 30 min) were 
greater for brewer's rice, corn, and cassava flour diets (p < 0.05), and 
later meal responses (AUC 2 30 min) were greater for sorghum, lentil 
and pea diets (p < 0.05). Variations in diet digestibility and post-prandial 
response can be explained by differences in chemical composition of 
each starch source including fibre content and starch granule structure. 
The nutritional particularities of each starch ingredient can be explored 
through diet formulations designed to modulate glycemic response. 
However, more studies are required to support these. 


Twomey et al., 2002). Differences in starch digest- 
ibility between sources are because of factors like 
cereal type, starch-protein interactions, physical 


many body functions. They are an important compo- 
nent of pet foods comprising 30% to 60% of dry 
foods and up to 30% of canned formulations. Most 
of the carbohydrates found in these products come 
from starch. Total tract apparent digestibility of 
starch by adult dogs has been reported to be higher 
than 95% (Walker et al., 1994; Murray et al., 1999), 
although some investigations have demonstrated 
that this may change with the type of starch present 
in the diet (Belay et al., 1997; Murray et al., 1999; 


granule form, starch type, digestion inhibitors, pro- 
cessing and particle size after processing (Rooney 
and Pflugfelder, 1986; Wolter et al., 1998; Svihus 
et al., 2005). 

Starch is also the main nutrient responsible for 
altering and influencing post-prandial insulin and 
glucose responses in both dogs and human beings 
(Nguyen et al., 1994; Wolever and Bolognesi, 1996), 
and it is known that faster and more complete diges- 
tion and absorption of starch leads to greater human 
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post-prandial responses (Wolever and _ Bolognesi, 
1996). Other dietetic factors that influence these 
responses are diet composition (Nuttall et al., 1984; 
Welch et al., 1987; Nishimune et al., 1991; Nguyen 
et al., 1998) and processing conditions. 

Physiological and pathological states like diabetes 
mellitus, obesity, pregnancy, stress, infection, cancer 
and advanced age can alter glycemic control (Kahn 
et al., 2001). In these situations, the use of a diet 
that minimizes — while prolonging — post-prandial 
glucose and insulin responses could improve glyce- 
mic control and dog welfare (Bouchard and Sunvold, 
1999). However, studies on the glucose responses of 
potential dog food ingredients are few (Nguyen 
et al., 1994; Graham etal., 1994; Bouchard and 
Sunvold, 1999). 

Therefore the objective of the research reported 
here was to investigate the effects of cassava flour, 
brewer's rice, corn, sorghum, peas and lentils on diet 
digestibility and the glycemic and insulinemic post- 
prandial responses of dogs. 


Materials and methods 


Animals 

Thirty-six neutered mixed-breed dogs, being 21 
females and 15 males with body condition scores 
between 4 and 6 (Laflamme, 1997), mean body 
weight (BW) of 12.5 +1.24kg and mean age of 
341.5 years were used in diet digestibility and 
meal response tests. The animals were kept in the 
Laboratory of Nutrition and Nutritional Diseases at 
Sao Paulo State University (Jaboticabal, Brazil). Dur- 
ing the digestibility and post-prandial response 
experiments the subjects were housed individually 
in 1.5 x 1.5 m kennels and had access to fresh water 
ad libitum. The Ethics Committee for Animal 
Well-Being at the Faculty of Agrarian and Veterinary 
Sciences, Sao Paulo State University approved all 
experimental procedures. 


Diets 


In total, six diets were tested and the ingredient 
composition of each is reported in Table 1. Each 
diet incorporated one of the following carbohy- 
drates as its exclusive source of starch: corn, 
brewer's rice, sorghum, peas, lentils, or cassava 
flour. Based on chemical compositions of the carbo- 
hydrates sources evaluated, additional ingredients 
were used to obtain balanced diets containing per- 
centages [dry matter (DM) basis] of starch, fat, cal- 
cium and phosphorus as similar as possible. Isolated 
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soybean protein was used to equalize the formula- 
tion. All diets contained the same amount of added 
salt, vitamins and trace minerals. The amount of 
total dietary fibre (TDF) varied according to the 
concentration found within the source carbohy- 
drate. Chromium oxide (purity 99% w/w; Merck, 
Darmstadt, Germany) served as a digestibility mar- 
ker and was added to achieve a final concentration 
of 3.5 g/kg of diet. Diets were formulated in accor- 
dance with the AAFCO (2000) nutrient guide for 
dogs, and balanced to meet maintenance require- 
ments before being extruded and kibbled under 
identical process conditions. The chemical composi- 
tion of carbohydrate sources and experimental diets 
is shown in Table 2. 


Digestibility protocol 


The apparent digestibility trial was conducted 
according to AAFCO (2000) guidelines for using the 
marker method. A 5-day-test-diet adaptation phase 
preceded 5 days of faeces collection during the 
experimental period. The quantity of diet allotted 
was calculated using standard equations that deter- 
mine the energy requirements for individual dog 
maintenance [maintenance energy (ME in kcal) = 
132 x BW°’”’ kg], in compliance with National 
Research Council (1985). Food was weighed each 
day, divided into two equal portions and left out at 
9 aM and 5 pM in Stainless steel bowls. Bowls were 
removed before the next meal and any uneaten food 
was weighed and recorded. Faeces were collected 
twice daily, weighed, and kept frozen (—15 °C) until 
analysis. A more detailed description of the proce- 
dure for determining apparent digestibility in dogs 
with the marker method can be found in Carciofi 
et al. (2007). 

Faecal samples were scored according to the fol- 
lowing system: 1 = watery —- liquid that can be 
poured; 2 = soft, unformed — stool assumes shape of 
container; 3 = soft, formed, moist — softer stool that 
retains shape; 4 = hard, formed, dry stool — remains 
firm and soft; 5 = hard, dry pellets — small, hard 
mass. Faecal pH was determined by mixing 5 ml of 
distilled water with 5 g of faeces and measuring the 
result with a pH meter (model Q-400-Bd, Quimis, 
Brazil). 


Post-prandial response tests 


Some days after the digestibility trials finished, dogs’ 
post-prandial glycemic and insulinemic responses 
were evaluated following the procedure of Holste 
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As-fed basis (%) 
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Table 1 Ingredient composition of 
mental dog diets 


experi- 


Cassava Brewer's 

Ingredients flour Corn Sorghum rice Lentil Pea 
Cassava flour 42.49 - - - - - 
Corn - 53.49 - a - - 
Sorghum = 7 59.27 = = = 
Brewer's rice = es = 45.66 = = 
Lentil - - - - 69.53 - 
Pea - a co = - 66.35 
Poultry by-product meal 24.00 24.00 23.00 24.00 17.70 19.00 
solated soybean protein 17.01 9.94 5.16 16.08 0.18 0.09 
Poultry fat 5.93 2.00 2.00 3.69 2.02 3.99 
Dried whole egg 2.50 

Soybean hull 2.00 

Brewer’s dried yeast 1.50 

Dried hydrolyzed bovine liver 1.50 

Dicalcium phosphate 0.90 

Calcium carbonate 0.70 

Potassium chloride 0.40 

Sodium chloride 0.40 

Chromium oxide 0.35 

Vitamin/mineral premix* 0.10 

Mold inhibitort 0.10 

L-lysine 0.06 

dl-methionine 0.05 

Antioxidant 0.01 


*Per kg of diet: iron, 120 mg; copper, 15 mg; magnesium, 75 mg; zinc, 150 mg; iodine, 2 mg; 
selenium, 0.3 mg; vitamin A, 18 000 IU; vitamin D3, 1 000 IU; vitamin E, 100 IU; vitamin K, 2 mg; 
biotin, 0.6 mg; thiamin, 20 mg; riboflavin, 10mg; pantothenic acid, 50 mg; niacin, 75 mg; vitamin 


Be, 6 mg; folic acid, 4 mg; vitamin By2, 0.1 mg. 


+Mold Zap®: Ammonium dipropionate, acetic acid, sorbic acid and benzoic acid — Alltech do 


Brasil Agroindustrial Limited. 


{Banox®: BHA-butilated hydroxyanisole; BHT-butilated hydroxytoluene, propyl gallate and 


calcium carbonate — Alltech do Brasil Agroindustrial Limited. 


et al. (1989), excluding the samples taken at 45 and 
90 min and adding one further measurement at 
300 min post-meal. Dogs were fed to meet mainte- 
nance requirements (ME, kcal = 132 x BW°’’ kg; 
National Research Council, 1985), and adapted to 
their diets for 3 days before testing. During this per- 
iod, they were conditioned to ingest all food within 
10 min, once per day. Thereby the animals were 
tested after 24h after last meal. Dogs that took 
longer than 10 min to consume their total amount 
of food were not tested and the procedure was 
repeated the following day. On the day of the test, 
each dog was aseptically catheterized using a periph- 
eral intravenous catheter inserted into the cephalic 
vein (Angiocath 20 GA x 1.16 in., Becton-Dickinson, 
Franklin Lakes, NJ, USA). Blood samples were taken 
pre-feeding (baseline sample, time 0) and 5, 10, 15, 
30, 60, 120, 180, 240 and 300 min post-feeding. 
Blood was always collected at the same time, begin- 


ning at 10 aM. Each sample (3 ml) was collected in a 
Na-heparin tube, centrifuged (378 g for 5 min), and 
the plasma separated into two Eppendorf tubes. 
Plasma samples for glucose measurement were kept 
under refrigeration (4°C) for a maximum of 2h 
before analysis; insulin plasma samples were frozen 
(-70 °C) for a maximum of 2 months before they 
were analysed. 


Laboratory analyses 


At the end of the collection period, faeces were 
thawed, homogenized, and pooled by dog. Prior to 
performing laboratory tests, faeces were dried in a 
forced air oven at 55 °C for 72 h (320-SE; FANEM, 
Sao Paulo, Brazil) and ground in a cutting mill 
with a l-mm sieve. Food samples were ground in 
the same way. Diets and faeces were analysed 
according to AOAC (1995) standards for DM by 
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Table 2 Chemical composition of — starch 
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sources and experimental dog diets (g/kg dry Cassava Brewer's 
matter)* flour Corn Sorghumt rice Lentil Pea 
Ingredients 
Dry matter (g/kg) 893.7 888.3 887.2 888.8 889.4 893.0 
Organic matter 999°3 981.4 978.7 970.7 973 981.1 
Crude protein 19.4 105.1 109.3 76 232.6 244.9 
Fat 25 52.0 60.1 38.0 9.0 11.8 
Starch 949.5 784 724.3 881.4 552.6 567.0 
Total dietary fibre 15.4 40.7 69.1 6.4 141.3 110.1 
Soluble dietary fibre 2.0 6.2 13.8 2.3 29.1 24.7 
nsoluble dietary fibre 13.4 34.5 55.3 41 112.2 85.4 
Crude fibre 33.6 eee 55.5 8.7 69.3 29.3 
Diets 
Dry matter (g/kg) 909.5 914.3 913.6 1ST 923.1 912.9 
Organic matter 920.2 914.1 922.1 917.1 920.5 918.4 
Crude protein 318.4 317.6 282.8 371.0 3137 295.7 
Fat 130.8 118.6 999 111.8 91.1 110.0 
Starch 417.7 379.9 385.1 3995 384.8 366.0 
itrogen-free extract 447.8 445.3 BI 404.3 489.5 484.0 
Total dietary fibre 40.6 94.0 141.3 39.8 159.8 147.4 
Crude fibre 23.1 32.6 28.2 30.0 26.2 28.7 


*All samples were analysed in duplicate with a coefficient of variation of <5%. 
+Sorghum containing 0.57% tannin (as-fed base). 


oven-drying the sample (934.01), ash through muf- 
fle furnace incineration (942.05), crude protein 
(CP) applying the Kjeldahl’s method (954.01), acid- 
hydrolyzed fat (AHF, 954.02), phosphorus (964.06), 
and calcium (968.08). Organic matter (OM) was 
calculated by difference (OM = 100—DM). Total die- 
tary fibre was measured according to Prosky et al. 
(1992) and total starch according to Miller (1959) 
and Hendrix (1993). Gross energy (GE) content of 
diets and faecal matter was determined using a 
bomb calorimeter (Model 1261; Parr Instrument 
Company, Moline, IL, USA). Fenton and Fenton 
(1979) procedure was used to determine chromium 
oxide levels through visible spectrophotometry 
(U2010® Hitachi SA, Brisbane, CA, USA). All analy- 
ses were carried out in duplicate with a coefficient 
of variation below 5%. 

Plasma glucose concentrations were determined 
by glucose oxidase tests (GOD-ANA; Labtest Diag- 
nostica S.A., Lagoa Santa, Brazil) using a semi-auto- 
mated glucose analyser (Labquest model BIO-2000; 
Labtest Diagnostica S.A.). Plasma insulin was mea- 
sured by radioimmunoassay (RIA) using a commer- 
cially available kit (I'*? as tracer, human insulin as 
standard; Diagnostic Products Corporation, Los 
Angeles, CA, USA) that has already been validated 
for dogs (Holste et al., 1989). The intra-assay coeffi- 
cient of variation for insulin was 8.4% and the stan- 
dard error 0.15 wIU/ml. 


Calculations 


Apparent digestibility coefficients of DM, OM, CP, 
AHF, TDF, GE and total starch were calculated for 
each experimental diet using chromium as an 
indigestible marker, according to Merchen (1988). 
Changes in plasma glucose and insulin concentra- 
tions were calculated for each post-prandial period. 
Responses were compared for average and maximum 
increase, average and maximum incremental increase 
(the difference between the absolute glucose or insu- 
lin concentration sample and the baseline concentra- 
tion), and time to peak increase. The integrated area 
under post-prandial glucose and insulin response 
curves were calculated using the trapezoidal method. 
In addition to measuring total area under the curve 
(AUC, from 0 to 300 min), immediate meal response 
(AUC < 30 min) and later meal response (AUC = 
30 min) were also calculated. orRIGIN (Microcal™ 
Software Version 6.0, OriginLab Corporation, MA, 
USA) software was used for AUC computing. 


Statistical analyses 


The experiment was carried out on thirty-six dogs, 
with six dogs per diet in a completely randomized 
design. Male and female dogs were distributed 
among each group and all groups were evaluated 
during the same period. Data were analysed using 
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the general linear model functions of sas (Version 
8.0, SAS Institute, Cary, NC, USA). The experimen- 
tal unit was dog; the model sums of squares were 
separated into treatment (diet) and animal effect. All 
multiple comparisons of treatment means were made 
using Tukey’s test (p< 0.05). Repeated measures 
ANOVA was the statistical method chosen to evaluate 
the effects of diet and time on post-prandial plasma 
changes. Pairwise mean comparisons were also made 
through Tukey’s test (p < 0.05). All data were found 
to comply with the assumptions of ANovA models. 


Results 


Digestibility and faecal characteristics 

Diet chemical compositions are presented in Table 2 
and daily nutrient intakes, diet digestibilities and 
faecal characteristics are presented in Table 3. All 
dogs successfully consumed their experimental diets 
and there were no episodes of vomiting, diarrhoea 
or meal refusal. Variations in TDF, CP and fat 
ingestion between diets were verified (p < 0.05) 
and can be explained by the differences in diet 
composition. Dogs fed sorghum-based diets ingested 
more protein than those receiving lentil-based diets 


A. C. Carciofi et al. 


while ingesting less fat than dogs fed the cassava 
flour diet (p < 0.05). Ingestion of other nutrients 
was not significantly different between diets 
(p > 0.05). 

Differences in nutrient digestibility were identified. 
Digestibility of DM, OM and GE in brewer’s rice and 
cassava flour-based diets was higher than in other 
diets (p < 0.05). Protein digestibility was higher in 
brewer’s rice than sorghum, corn, pea and lentil 
diets (p < 0.05). Fat digestibility was greater for cas- 
sava flour and pea diets than other treatments 
(p < 0.05). Starch digestibility was >98% for all 
treatments with brewer's rice and cassava flour diets 
presenting the greatest digestibility, and pea and len- 
til diets the least (p < 0.05). Digestibility of TDF in 
pea, lentil and sorghum diets was higher than in 
corn and cassava flour treatments (p < 0.05), while 
for crude fibre digestibility, no differences were 
observed among diets (p > 0.05). 

No differences were observed in faecal scores 
(p > 0.05). Faecal DM was greater for dogs fed 
brewer’s rice, sorghum and corn than for those fed 
pea-based diet (p < 0.05). Faecal pH was higher for 
the rice-based diet than lentil and pea _ diets 
(p < 0.05). 


Table 3 Nutrient intake, apparent total tract digestibility and faecal characteristics of dogs fed experimental diets containing different starch 


sources* 

Item Cassava flour Corn Sorghum Brewer's rice Lentil Pea 

Daily nutrient intake (g/kg body weight /day) 

Dry matter 163405 15.2415 143405 15.2413 18.9405 16.5 + 0.2 
Organic matter 15.0405 13.9414 13.2404 13.9412 174405 15.14 0.2 
Crude protein 5.0 + 0.2 4.8°° +05 41°+0.1 5.65 +05 5.9° +02 4.9°° + 0.1 
Starch 6.8 + 0.2 5.8 + 0.6 5c5:ske0.2 6.1+0.5 7340.2 6.0 + 0.1 
Fat 21° + 0.1 1.8°° + 0.2 1.45 + 0.1 1.7°° + 0.1 1.7°° + 0.1 1.8°° + 0.1 
Total dietary fibre 1.0% + 0.1 14° 40.1 1.7°+ 0.1 0.9° + 0.1 3.0° + 0.1 26° +01 
Crude fibre 1.9+0.2 25+0.2 2.0 + 0.1 2340.2 25+ 0.1 24+0.1 
Apparent digestibility coefficients (%) 

Dry matter 83.1% 4+ 0.1 78.65 + 0.5 79.06 + 0.3 82.4> + 0. 74.5° + 0.6 76.19 + 0.7 
Organic matter 87.7° 40.1 83.9° + 0.4 83.8° + 0.2 88.4° + 0.2 79.3° + 0.4 80.19 + 0.7 
Crude protein 86.8" + 0.5 86.1° + 0.3 85.0 + 0.5 89.0° + 0.5 79.9% + 0.7 83.47 + 0.6 
Starch 99.4" + 0.1 99.1°° + 0.1 99.1°° + 0. 99.3° + 0.1 98.8° + 0.2 98.7° + 0.1 
Fat 92.8" + 0.2 89.1% + 0.3 88.34 + 0. 89.0 + 0.4 89.4 + 0.5 90.0° + 0.2 
Gross energy 87.8° + 0.1 84.9 + 0.6 84.2°4 04 87.7° +04 78.4° + 0.5 80.99 + 0.8 
Total dietary fibre 8.2° 422 11.47 + 3.3 27.0°° + 1.4 17.7% 40.7 33.4417 30.3° + 3.0 
Crude fibre 2.6 + 0.7 3.1+03 3.7+0.3 26+0.3 5.0 + 1.2 40+0.8 
Faecal characteristics 

Faecal scoret 4.2+0.1 3.7+0.1 3.8+0. 4.2+0.1 3.7+0.1 3.7+0.1 
Faecal DM (%) 38.69 41.9 40.2°° + 1.2 40.3°° + 1.6 485° 426 33.99 427 30.99 + 1.4 
DH faecal 6.7% + 0.1 6.554 + 0.1 6.7° + 0. 71° 40.1 6.09 + 0.1 6.2% + 0.2 


*Values are means + SE of the six dogs per diet. 


bcd Within a row, means without a common superscript differ ([p < 0.05). 


+Scores: 1 = watery — liquid that can be poured; 2 = soft, unformed — stool assumes shape of container; 3 = soft, formed moist — softer stool that 
retains shape; 4 = hard, formed, dry stool — remains firm and soft; 5 = hard, dry pellets — small, hard mass. 
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Post-prandial glucose and insulin responses 


Dogs’ post-prandial glycemic and_ insulinemic 
responses are presented in Fig. 1 and Table 4. Mean 
plasma glucose concentrations in dogs given cassava 
flour and corn-based diets were significantly lower 
than those in dogs consuming the other diets 
(p < 0.05). Mean incremental glucose response was 
higher in dogs given lentil than pea, cassava flour 
and corn diets (p < 0.05). Minimum and maximum 
incremental rises in glucose concentration were 
lower in dogs consuming pea-based diet than the 
other five diets (p < 0.05). Maximum glucose con- 
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centration occurred within the first hour for cassava 
flour, corn, brewer’s rice and peas; these diets stim- 
ulated glucose peaks significantly earlier than did 
the sorghum diet (p < 0.05). Not all post-prandial 
glucose response curves returned to baseline during 
the observation period (Fig. 1). At 180 min after 
consumption of brewer’s rice, cassava flour and 
corn diets, mean plasma glucose concentrations 
were not significantly different from basal values 
(p > 0.05); conversely, after 300 min the plasma 
glucose concentrations of dogs given sorghum, pea 


and lentil diets remained above basal values 
(p < 0.05). 
95 
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Fig. 1 Plasma glucose and insulin response curves of dogs fed experimental diets containing different starch sources. Values are means + SE of 
the six dogs per diet. Values significantly higher than baseline for glucose concentrations (p < 0.05). Values significantly higher than baseline for 


insulin concentrations (p < 0.05). 
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Table 4. Medium, maximum, and time to peak plasma glucose and insulin concentrations; medium and maximum incremental glucose and insulin 
concentrations; and areas under the absolute and incremental glucose and insulin response curves of dogs fed experimental diets containing dif- 


ferent starch sources® 


Diet 

Cassava flour Corn Sorghum Brewer’s rice Lentil Pea 
Glucose (mg/dl) 
Mean concentration 77.49 + 0.8 77.8% + 0.9 80.5" + 0.7 79.5°4 + 0.9 81.8° + 0.7 79.6°% + 0.6 
Peak 90.1°° + 1.1 91.9° 41.1 87.2°° + 0.4 91.6° + 0.6 89.2°°+ 0.3 86.75 + 2.1 
Mean incremental concentration+ 6.0° + 0.8 59° +409 8.3°° + 0.7 75° + 0.9 9.73" + 0.7 5.35405 
Peak incremental concentration 19.9° + 0.6 20.0° + 1.4 15.1% + 0.9 19.6° + 1.0 16.9°° + 0.97 12.74 + 0.6 
Time to peak (min) 2755425 15.0° + 0.1 160.0° + 36.9 15.0° + 0.1 87.5°° + 20.6 55.0° + 5.0 
AUC 0-300 mint (mg/dl min) 23027° £126 2233654 807 =. 24271° + 848 =. 23254°° + 246 25254 + 96 24373 + 378 
AUC < 30 ming (mg/dl min) 2461° + 17 2509" + 26 2304° + 22 2569 + 16 24344 + 18 23529 + 37 
AUC > 30 min§ (mg/dl min) 205665 +119 205806 + 221 22893" + 115 20685° + 235 22820” + 86 22020° + 341 
Insulin (mg/dl) 
Mean concentration 18.5°° + 1.7 20.7° 41.4 20.3°° + 1.25 19.8°° + 1.5 16.7 + 1.2 19.3°° + 1.3 
Peak 43.8° + 1.5 36.8°¢ + 2.3 35.554 + 1.9 A1.1°° + 2.6 31.49 + 1.8 35.0% + 1.8 
Mean incremental concentration 149+ 1.8 154+ 1.4 15.5.E 1:3 15.74 1.6 11.54 1.2 142+ 1.3 
Peak incremental concentration 40.2 + 1.2 31.4% 4 1.9 30.7% + 2.6 37.0°° + 2.5 26.29 + 1.4 29.9 + 1.6 
Time to peak (min) 2755425 37.5°°+16.8  105.0°° + 21.6 22.55 + 3.3 100.0°° + 28.6 120.0° + 26.0 
AUC 0-300 mint (IU/ml min) 5582°+ 418 6428" + 439 7749" + 245 6284°° + 550 6364" + 342 7276 + 311 
AUC < 30 ming (U/ml min) 772° + 55 781° + 39 491° + 31 768° + 55 442° + 38 504° + 37 
AUC = 30 min§ (U/ml min) 48107 + 429 5893°°4 + 391 7271° + 256 55157 +530 59224 + 319 6772" + 298 
AUC, area under the curve. 
“Values are means + SE of the six dogs per diet. 


bcdewithin a row, means without a common superscript differ (p < 0.05). 


+Incremental concentration = absolute glucose or insulin concentration—basal concentration. 


tArea under curve 0 to 300 min. 
§Area under curve 0 to 30 min. 
Area under curve 30 to 300 min. 


Total AUC of glucose was greater in lentil than 
cassava flour and corn-based diets (p < 0.05). Imme- 
diate post-prandial response (AUC < 30 min) was 
the greatest for brewer's rice, intermediate for corn, 
lentils, peas and cassava flour, and lowest for sor- 
ghum (p< 0.05). Regarding later responses, the 
AUC 2 30 min was greater for sorghum, lentil and 
pea diets than for brewer’s rice, cassava flour and 
corn (p < 0.05). 

Mean concentrations of post-prandial insulin were 
highest in dogs that had consumed corn-based diet 
and lowest for lentil-based diet (p < 0.05). Cassava 
flour and brewer’s rice diets induced greater maxi- 
mum absolute insulin concentrations than lentils 
(p < 0.05), and maximum incremental insulin con- 
centration was higher for cassava flour than any 
other diet (p < 0.05), although brewer's rice exhib- 
ited intermediate results. Insulin secretion was slow- 
est for pea-based diet, which delayed time for 
insulin peak in comparison to cassava flour and 
brewer’s rice diets (p < 0.05). As Fig. 1 illustrates, 
the post-prandial insulin response curve of the sor- 
ghum-based diet did not return to baseline during 
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the 300 min observation period (p < 0.05). Insulin 
concentrations had returned to base values by 
120 min post-meal for cassava flour diet, 240 min 
for brewer’s rice and pea diets, and by 300 min for 
corn and lentil diets (p > 0.05). 

Total AUC of insulin (0 to 300 min) was smaller 
for cassava flour than sorghum (p < 0.05). In the 
first 30 min (AUC < 30 min) plasma insulin concen- 
trations were higher in cassava flour, brewer’s rice 
and corn diets than sorghum, lentil and pea diets. 
Area under the curve = 30min was greater after 
ingestion of sorghum-based diet than either brewer’s 
rice or cassava flour based diets (p < 0.05). 


Discussion 


The greater digestibility of brewer’s rice-based diet in 
relation to corn verified in the present study was 
also described by Belay et al. (1997), Walker et al. 
(1994) and Twomey et al. (2002). The use of sor- 
ghum as an ingredient in dog formula was evaluated 
by Twomey et al. (2002), who found DM digestibil- 
ity comparable in diets using sorghum and brewer’s 
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rice, both being superior to corn-based diet. In a pre- 
vious study, however, Twomey et al. (2002) saw les- 
ser energy digestibility in sorghum, intermediate 
digestibility in corn and greater digestibility in 
brewer's rice. The present research confirmed these 
differences between sorghum and brewer’s rice diets, 
which can be explained, at least in part, by the addi- 
tional quantity of fibre in sorghum. Tannin is 
another substance found in sorghum that interacts 
with proteins, amino acids, and to a lesser extent 
with starch, limiting their digestion (Jansman, 
1993). However, the sample used in the present 
experiment had such low tannin content (0.57%) 
that the presence of the substance did not probably 
reduce diet digestibility. 

Cassava flour and brewer’s rice within cooked 
dog foods were compared by Kamalu (1991), and 
as in the present study they encountered similar, 
high digestibilities for both diets. No studies on dogs 
given pea and/or lentil bean diets were located to 
compare and contrast their results, but the lower 
digestibilities identified here must be taken into 
consideration when creating formulations using 
these ingredients. The lower DM digestibilities of 
these diets were accompanied by lower protein 
digestibilities, verifying the results of other studies 
which demonstrated a reduction in protein digest- 
ibility in diets with low-digestible carbohydrates 
(Murray etal., 1999; Twomey etal., 2002). On 
average, pea and lentil diets had TDF digestibilities 
2.5 times greater than those of brewer’s rice, corn 
and cassava flour. Soluble dietary fibre fractions of 
peas and lentils are larger, such that the possibility 
exists for greater intestinal fermentation of these 
ingredients. 

In our investigation, crude fibre was more indi- 
gestible than TDF. These results are in assumptions 
with others studies about fibre fermentation by dogs, 
in vivo (Kienzle etal., 2001) or in vitro models 
(Sunvold et al., 1995a,b). Therefore, because of low 
digestible nutrients and not veracious amounts of 
measurable fibre, crude fibre apparent digestibility 
may not be a good method of displaying fibre results 
for dogs. 

In relation to the starch digestibility of extruded 
dog diets, Twomey et al. (2002) also found values 
approaching 100%. According to the authors, these 
results were because of the extrusion process, which 
probably favoured starch gelatinization, making it 
almost completely digestible. Bednar et al. (2001) 
observed that legumes starches, such as peas and 
lentils present reduced digestibility to dogs, a finding 
confirmed by the current research. Beyond TDF con- 
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centration, the authors attributed these differences 
between grains and legumes to starch composition; 
the proportion of rapidly digestible starch was great- 
est in brewer's rice, corn and sorghum, and lowest 
in legumes like peas and lentils. 

In the present study, lentil and pea diets produced 
lower faecal pH, greater hydrated faeces than rice. 
This permits the assumption that for these dogs, a 
higher proportion of carbohydrates reached the large 
intestine, evidenced by both greater TDF quantities 
and lower starch digestibility coefficients, nutrients 
which, in turn are made available for bacterial fer- 
mentation, according to the assumptions of Cum- 
mings and Englyst (1995) and Schiinemann et al. 
(1989). 

In response to the increase in canine health prob- 
lems related to glucose intolerance (e.g. obesity and 
diabetes mellitus), an interest has been taken in 
investigating diets that favour glycemic control. The 
use of starch sources that delay and lengthen glyce- 
mic and insulinemic responses while consequently 
reducing plasma fluctuations may be beneficial in 
these situations (Graham et al., 1994). In this regard, 
the present study demonstrated that diets containing 
sorghum, lentils or peas could be found to be advan- 
tageous over those containing corn, brewer's rice 
and cassava flour. 

The interpretation of post-prandial glycemic 
responses depends, however, on an integrated evalu- 
ation of the diet, one that includes starch-intrinsic 
factors like digestion rates and amylose to amylopec- 
tin ratios, but also extrinsic influences like ingested 
amount, processing and diet composition (Wolever 
and Bolognesi, 1996; Heaton et al., 1988; Brand, 
1985; Nguyen etal., 1998). In the current study, 
diets were formulated to have the closest possible 
chemical compositions. Protein intake was sufficient 
and variations were small, and according to Nguyen 
et al. (1998), differences in the ingestion of this 
nutrient do not decisively influence dog post-pran- 
dial glucose response, provided that it fulfills the 
needs of the animal. Likewise, there were differences 
between the fat ingestion of cassava flour and sor- 
ghum-based diets. Wolever and Bolognesi (1996) 
have already argued that in practical human diets, 
the apparent effects of protein and fat on glycemic 
response would be negligible. On the other hand, 
the quantity of starch ingested by humans corre- 
sponds to 46% to 64% of the glycemic variation, 
being at times even more important than the type of 
starch consumed. In the present study, ingestion of 
starch during meal response testing was similar 
(p < 0.1) for all dogs. 
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Rice is considered to be a starch source of elevated 
glycemic response for humans and canines (Goddard 
et al., 1984; Jenkins etal., 1981; Bouchard and 
Sunvold, 1999), providing large, rapid alterations in 
post-prandial glucose and insulin levels. This charac- 
teristic confirmed by the current study is principally 
because of the small amount of amylose (Belay 
et al., 1997) associated with small quantities of TDF. 
The post-prandial response observed in dogs that 
consumed cassava flour-based diet also characterized 
by rapid rises in glucose and insulin followed by 
swift declines back to base levels, may be the result 
of an efficient digestibility of extrusion-processed 
starch and low-fibre content. Corn diets for dogs 
were considered responsible for inducing lower gly- 
cemic responses than brewer’s rice (Bouchard and 
Sunvold, 1999), a finding that was not confirmed by 
this study, as both diets stimulated similar glucose 
and insulin responses. 

Although corn and sorghum diets presented simi- 
lar digestibilities, dogs given these diets experienced 
differing post-prandial responses. The major differ- 
ences were in relation to time to glucose peak, 
which occurred faster for corn, and AUC, which was 
greater for corn for the first 30 min and greater for 
sorghum for later meal response times. It is worthy 
to note that total AUC (0 to 300 min) was similar 
for each. According to Rooney and Pflugfelder 
(1986), the protein matrix of sorghum’s hard outer 
endosperm closely surrounds its starch; this complex 
interaction between protein and _ starch restricts 
digestibility. 

Dietary fibre content is a further factor that can 
alter post-prandial glucose and insulin responses 
(Wolever, 1990; Graham etal., 1994). Sorghum, 
lentil and pea-based diets provided the highest inges- 
tions of TDF, possibly playing a role in delaying and 
prolonging the glucose absorption period and in less- 
ening the variation in glucose and insulin concentra- 
tions demonstrated by these diets in the present 
research. Fibre may increase time of gastric emptying 
and gastrointestinal transit and diminishes starch 
hydrolysis and, consequently, glucose absorption 
rate. However, some studies have demonstrated that 
in diets with typical fibre levels, variations in the 
intake of this ingredient do not significantly influ- 
ence post-prandial responses (O’Dea etal., 1980; 
Nguyen et al., 1998). 

The results reported here indicate that extruded 
diets composed of similar ingredients but varying in 
starch sources can reveal important differences in 
digestibility and post-prandial glycemic and insuline- 
mic responses. These differences can be taken into 
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consideration during the formulation of specialized 
products, permitting better technically developed 
dog food. Ultimately, long-term studies on the 
potential benefits of these carbohydrates are required 
for a better understanding of their true effects on 
dog health and wellness. 
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